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Abstract 
Persistent organochlorine pesticides (OCPs) like hexachlorocyclohexane (HCH), and 
dichlorodiphenyltrichloroethane (DDT) and polychlorinated biphenyls (PCBs) and their ecotoxicological 
risks were investigated in river bank sediments from Yamuna in Delhi, India. The concentration of ∑HCH, 
∑DDT and ∑PCBs ranges between 19.25-731.82 (208.17±20.66) ng g-1, <0.01-21.21 (1.32±0.36) ng g-1 
and 0.16 to 30.05 (7.69±0.90) ng g-1, respectively. The composition analysis of HCH and ratio of α-
HCH/γ-HCH reflects the usage of technical HCH and lindane.  The ratios of DDT and their metabolites 
indicate historical inputs of DDT or the biotransformation of DDTs in this area. Tri and tetra chlorinated 
biphenyls (PCB-37 and PCB-44) contributed >80% of the ∑PCBs contamination. Concentration of HCHs, 
DDT and PCBs did not exceed sediment quality guidelines with the exception of lindane which was above 
sediment guidelines as lindane formulation are registered in India for use in public health practices to 
control vector borne diseases.  
Keywords: Pesticides, POPs, HCH, DDT, PCBs, River Sediment, India  
1. Introduction 
For the past thirty years, a serious concern has arisen due to the presence of persistent organic pollutants 
(POPs) in the environment and their threat to the wild life and mankind. As is well known, DDT and PCBs 
were listed by the Stockholm Convention as 2 of 12 persistent organic pollutants (POPs) in 2004, and more 
recently, α-HCH, β-HCH, and γ-HCH (lindane) were added to the list in 2009 (Hu et al., 2010). HCH, 
DDT and polychlorinated biphenyls (PCBs) are ubiquitous chemicals and persistent, toxic and bio-
accumulative in nature (Minh et al., 2006; Shegunova et al., 2007). These are long range transport 
pollutants and can be transported to regions far from their original sources, such as the Arctic (Halsall et 
al., 1998; Becker et. al., 2009). They have a wide range of acute and chronic health effects, including 
cancer, neurological damage, reproductive disorders, immune suppression, birth defects, and are also 
suspected endocrine disruptors (Van Den Berg et al. 2006; Wang et al., 2008; Mitra et al., 2011).  
Their physico-chemical characteristics, which include hydrophobicity and resistance to degradation, make 
these chemicals ultimately to accumulate in soils, sediments and biota (Yang et al., 2005; Covaci et al. 
2005; Kalantari and Ebadi, 2006; Hong et al., 2008; Wang et al., 2008; Musa et al., 2010) and in human 
body through dietary intake, inhalation and other indirect exposure (Ebadi and Shokrzadeh, 2006; Alle et 
al., 2009). OCPs have a great affinity for particulate matter so they can be deposited in the aquatic systems 
during sedimentation and can remain in sediments for very long due to their long half-life times. Sediment 
is a complex mixture of solids, liquids and gases which is the life support system for benthic biota 
(Hakanson, 1992). Potential effects on interest of these compounds are accumulation and persistence in 
sediments and can pose a hazard to sediment dwelling organisms at concentrations greater than sediment 
guidelines. Sediments are one of the best media for the monitoring of organic compounds as they provide 
valuable information of contamination in an aquatic ecosystem (Chang and Doong, 2006; El-Sherif et al., 
2009; Gomez et al., 2011).  
In May 2004, Stockholm Convention on POPs entered into force with the intention of reducing, and 
ultimately eliminating these pollutants. As a party to the Convention, India is legally obligated to abide by 
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the objectives of the treaty, and is encouraged to support research on POPs. In India, some studies have 
been conducted into distributions of POPs, such as intentionally released insecticide DDT and HCH, little 
known about the unintentionally released of other POPs, such as PCBs and dioxins. Investigations dealing 
with various environmental matrices in India revealed OCPs and PCBs contaminations in air, water, 
sediment (Guzzella et al., 2005; Zhang et al. 2008; Chakraborty et al. 2010; Kumar et al., 2011a,b,c,d; Devi 
et al., 2011; Mukherjee et al., 2011; Pozo et al., 2011), biota and humans (Senthil Kumar et al., 2001b; 
IPEN, 2006; Mishra et al., 2008; Devanathan et al., 2008; Someya et al., 2009; Kumar and Mukherjee, 
2011; Kumar et al., 2011). In continuation of support research on POPs, this study was aimed to evaluate 
persistent organochlorine pesticide (HCH and DDT) and polychlorinated biphenyls (PCBs) concentration 
in bank sediments from Yamuna River in Delhi, India. Further, their possible ecotoxicological effects were 
roughly evaluated by applying published sediment quality guidelines. 
2.  Materials and Method 
2.1 Description of study area  
The River Yamuna, a major tributary of River Ganges, originates from the Yamunotri glacier of the lower 
Himalayas. The river flows through Himachal Pradesh, Uttrakhand and Haryana states.  It enters Delhi 
near Palla village after traversing a route of about 224 Km. and the River is tapped at Wazirabad through a 
barrage for drinking water supply to Delhi. Generally, no water is allowed to flow beyond Wazirabad 
barrage in dry season, as the available water is not adequate to fulfill the demand of water supply of Delhi. 
Whatever water flows in the downstream of Wazirabad barrage is the untreated or partially treated 
domestic and industrial wastewater contributed through several drains. Delhi alone generates 1,900 million 
liter per day (MLD) of sewage, against an installed wastewater treatment capacity of 1,270 MLD. Thus 
630 MLD of untreated and partially treated sewage enters the river every day.  After 22 Km downstream of 
Wazirabad barrage there is Okhla barrage and water is not allowed to flow through barrage during dry 
season. The total catchment area of Yamuna River in Delhi stretch is about 1485 Km2. 
 
Figure 1: Map showing Yamuna River in Delhi, India 
2.2 Sampling 
Sampling was carried out from the Yamuna river bank in Delhi extending between Palla, Wazirabad and 
Okhla (Figure 1). Sixty sediment samples in duplicates were collected during October, 2010. After sample 
collection pebbles and woods removed manually and mixed thoroughly to ensure that the sediment 
collected was truly representative of each location. Sub-samples of the sediment were subsequently taken 
and stored in labelled wide mouth amber glass bottles and transported ice-preserved to the laboratory and 
stored at -200C till further extraction. 
2.3 Sample Extraction 
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The extraction of pollutants was carried out in Soxhlet apparatus using dichloromethane: acetone (1:1 v/v) 
as extraction solvent. 10-15 g wet sample was homogenized with sodium sulphate and the mixture was 
transferred into a clean cellulose extraction thimble and inserted into a Soxhlet assembly fitted with a 250 
ml flask. A 150 ml of extraction solvent was added and the whole assembly was heated for 16 h. After 
extraction the extract was evaporated to near dryness under reduced pressure in a 40 0C water bath using 
Rotary Vacuum evaporator (Eyela, Japan). 20 ml hexane was added to the concentrated extract and 
evaporated to a small volume (about 1 ml).  
2.4 Chromatographic column cleanup 
The multilayered silica gel column chromatography was performed to separate target analytes from other 
interfering organic and polar species. Briefly multilayered silica gel column (300 mm x 30 mm) was 
packed from bottom to up with 2.5 g silica gel, 4.0 g silver nitrate silica gel, 2.5 silica gel, 4.0 basic silica 
gel, 2.5 g silica gel, 12.0 g acid silica and 5.0 g anhydrous sodium sulphate. The column was pre-rinsed 
with 50 ml n-hexane before sample was loaded. The concentrated extracts and three 2 ml portions of 
hexane from rinsing the sample flask were transferred to top of the chromatography column. The elution of 
analytes was subsequently carried out using 170 ml hexane and concentrated to 2.0 ml. The eluted extract 
was concentrated using Rotatory Vacuum evaporator and Turbo Vap (Caliper, USA) under gentle stream 
of pure nitrogen using to 1.0 ml. The extract was transferred to auto sampler vial and 1 µl was injected 
onto a gas chromatograph equipped with an electron capture detector (GC-ECD) for quantification. 
2.5 Instrumental analysis 
In the present study DDTs (p,p’-DDE, p,p’-DDD, o,p’-DDT and p,p’-DDT) and HCHs (α-HCH, β-HCH, 
γ-HCH, and δ–HCH) and 15 congeners of polychlorinated biphenyls (PCBs) were analyzed. Separation 
and Quantification of pesticides in the sample extracts was carried out using Gas Chromatograph (Perkin 
Elmer, Clarus 500) attached with autosampler and  equipped with an Electron Capture Detector (ECD, 
63Ni), on fused silica capillary column 25 m x 0.20 mm id  0.33 µm film (Elite-1). The column oven 
temperature was initially maintained at 170o C and programmed to 220oC (70C min-1) and again ramped to 
250oC at 5oC min-1 and held for 6.86 min. The injector and detector temperature were maintained at 250oC 
and 350oC respectively. Purified nitrogen gas was used as carrier at the flow rate of 1.0 ml. min-1.  
A total of 15 PCB congeners (PCB -18, -37, -44, -49, -52, -70, -74, -119, -128, -138, -151, -170, -177, -
187, and 207) were detected and quantified. The separation and quantification of polychlorinated biphenyls 
(PCBs) was performed by gas chromatography (Shimadzu 2010, Japan) attached with autosampler  and 
equipped with an Electron Capture Detector (ECD, 63Ni), on capillary column (HP-5MS, Agilent) 60 m x 
0.25 mm x 0.25 µm film. The temperature program of the column oven was set to 170o C for 1 min then 
increased with 30C min-1 to 270oC, kept for 1 min, then further ramped with 10oC min-1 to 290oC at and 
kept for 3 min. The injector and detector temperature were maintained at 225oC and 300oC respectively. 
Purified nitrogen gas was used as carrier at the flow rate of 1.0 ml. min-1.  
2.6 Analytical quality control 
Certified reference standards from Sigma (USA) and Dr. Ehrenstorfer (GmbH, Germany) were used for 
the quantification of OCPs and PCBs, respectively.  The target analytes were identified in the sample 
extract by comparing the retention time from the standard mixture and quantified using the response 
factors from five level calibration curves of the standards. Appropriate quality assurance quality control 
(QA/QC) analysis was performed, including analysis of procedural blanks (analyte concentrations were 
<MDL ‘method detection limit’), random duplicate samples (Standard deviation <5), calibration curves 
with the r2 value of 0.999, and matrix spike recovery 100±20%. Each sample was analysed in duplicate 
and the average was used in calculations. Moisture content was determined to report data on dry weight 
basis. Levels <0.01 ng g-1 and <0.10 ng g-1 were taken as zero (0) in the calculations for OCPs and PCBs, 
respectively. The results of the analysis are reported in ng g-1 dry weight (dry wt.) basis. 
3.  Results and Discussions 
3.1 Organochlorine pesticides 
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The concentration of isomers of HCH and DDT in sediments from Yamuna River bank in Delhi, India is 
shown in Table 1. Concentrations of HCHs in sediments were higher than those of DDTs. The ∑HCH 
ranges from 19.25 to 731.82 with a mean value of 208.17±20.66 ng g-1 whereas the ∑DDT ranges from 
<0.01 to 21.21 with a mean value of 1.32±0.36 ng g-1. HCH isomers have been detected as a worldwide 
contaminant. The properties of higher water solubility vapor pressure, biodegradability, lower lipophilicity 
and particle affinity, of HCH relative to DDT (Hu et al., 2010) could account for the higher concentrations 
of HCH in sediments. Differences in composition of HCH or DDT isomers in the environment could 
indicate different contamination sources (Doong et al., 2002).  
Table 1: HCH and DDT concentrations (ng g-1 dry wt.) in sediments from Yamuna River 
Compound Range Mean SE* % Min. Max. 
p,p’-DDE <0.01 4.66 0.51 0.11 0.2 
p,p’-DDD <0.01 0.06 <0.01 <0.01 <0.01 
o,p’-DDT <0.01 14.43 0.49 0.24 0.2 
p,p’-DDT <0.01 3.21 0.32 0.09 0.2 
∑DDT <0.01 21.21 1.32 0.36 0.6 
α-HCH 3.00 272.60 112.38 11.62 53.6 
β-HCH 4.56 59.13 16.12 1.08 7.7 
γ-HCH 5.19 332.21 63.84 7.82 30.5 
δ-HCH <0.01 67.88 15.83 1.55 7.6 
∑HCH 19.25 731.82 208.17 20.66 99.4 
∑OCPs 20.54 735.73 209.49 20.77 100 
*SE (standard error) = SD/√n 
Technical HCH has been used as a broad spectrum pesticide for agricultural purposes, which has been 
banned since 1997 in India. Technical HCH consists principally of four isomers, α-HCH (60-70%), β-HCH 
(5-12%), γ-HCH (10-15%), δ-HCH (6-10%), while lindane contains >99% of γ-HCH (Qui et al., 2004; 
Zhou et al., 2006). . The average concentration of α-HCH, β-HCH, γ-HCH and δ-HCH in this study was 
112.38±11.62 ng g-1 (54%), 16.12±1.08 ng g-1 (7.7%), 63.84±7.82 ng g-1 (30.7%) and 15.83±1.55 ng g-1 
(7.6%), respectively (Table 1, Figure 2).  
The ratio of α-HCH to γ-HCH has been used to identify the possible HCH source. The ratio of α-HCH to 
γ-HCH between 3 and 7 is indicative of fresh input of technical HCH (Yang et al., 2008). However, a 
lindane source will show the reduced ratio close or <1 (Iwata et al., 1993; Willet et al., 1998). The ratio of 
α-HCH/γ-HCH varied in the range of 0.58-3.61with the mean of 1.62 (Table 2), which reflects the usage of 
technical HCH and lindane. Other studies also anticipated the use of technical HCH as well as lindane in 
India (Iwata et al., 1993; Zhang et al., 2008; Chakraborty et al., 2010; Kumar and Mukherjee, 2011; 
Kumar et al., 2011; Devi et al., 2011). The technical mixture of HCH was produced and used in India until 
it was banned in 1997, and lindane formulation are registered for use in public health practices to control 
vector borne diseases and for pest control in selected crops (Gupta, 2004; CAPE, 2005).  
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Figure 2:  Percent distribution of HCH and DDT isomers in sediments 
Table 2: HCH and DDT isomers ratios in sediments from Yamuna River 
Compound ratio 
Range Mean SE* Min. Max. 
α/γ-HCH 0.58 3.61 1.62 0.10 
o,p’/p,p’-DDT <0.01 6.81 0.82 0.22 
p,p’-DDT/p,p’-DDE <0.01 1.04 0.23 0.05 
p,p’-DDT/∑DDT <0.01 1.00 0.25 0.05 
p,p’-DDT/(p,p/-DDE+p,p’-DDD) <0.01 2.13 0.38 0.67 
*SE (standard error) = SD/√n 
 
  
 
Figure 3: Relationship of α–HCH and γ–HCH in sediment samples. 
It is to note that, in the mixture of past technical HCH and current lindane application, a significant 
correlation between α–HCH and γ–HCH was still observed in the studied sediments (Figure 3). Moreover, 
the α–HCH in higher concentration indicated a fresh source of α–HCH, contrary to the past application of 
technical HCH. The explanation of transformation of γ–HCH to α–HCH is the best in terms of maintaining 
the correlation between each other. Walker et al. (1999) has well explained the transformation of γ–HCH 
into other HCH isomers. In particular, γ–HCH may be transformed under ultraviolet radiation and through 
biological degradation in sediments into α–HCH (Benezet and Matsumura, 1973; Malaiyandi and Shah, 
1980). The studied area is located under the Tropic of Cancer line with strong ultraviolet radiation and an 
anaerobic environment in most times. Our results suggested that the transformation from γ–HCH into α–
HCH under such conditions may be significant.  
The composition difference of DDT and its metabolites have been used to identify the possible sources of 
DDT as well as their fate in the aquatic environment (Guo et al., 2009). In the present study, occurrence of 
DDT isomers was on order as: o,p’-DDT>p,p’-DDT>p,p’-DDE>p,p’-DDD with DDT (61%), DDD (1%), 
and DDE (38%) (Figure 2). The relatively high concentration of DDT than DDD and DDE in this study 
area indicated either that there was minimal degradation of DDT or there has been more recently input of 
technical DDT. o,p’-DDT was the dominant isomer among DDTs with mean concentration of 0.49±0.0.24 
ng g-1, followed by p,p’-DDT and other metabolites (DDD and DDE). DDTs can be volatilized to an 
ambient environment in a few days (Atlas and Giam, 1988). After the DDT applications, much of the DDT 
slowly converted to DDE and DDD under aerobic and anaerobic conditions, respectively (Baxter, 1990; 
Aislabie et al., 1997), hence the ratios between the DDT and DDE and DDD is often used as an indication 
of age (recent or historic) of the source of DDT (Qian et al., 2006).  A ratio (p,p’-DDT/p,p’-DDD+p,p’-
DDE) much greater than 1 indicates fresh use of DDT; however a small ratio indicates historical DDT 
applications (Ma et al., 2008). In the present study, the average ratios of p,p’-DDT/(p,p’-DDD+p,p’-DDE) 
0.38 (Table 2), indicates historical inputs of DDT to the sediments. The ratio of p,p’-DDT and p,p’-DDE 
can be used to estimate the existence of technical DDT in recent inputs. A ratio of 0.33 or less is 
considered as aged mixture, while a relatively high p,p’-DDT/p,p’-DDE ratio implies a recent input. In our 
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study the ratio of p,p’-DDT/p,p’-DDE was 0.23 indicates aged DDT input in the this river system. In this 
study the dominance of o,p’-DDT indicates a possible fresh o,p’-DDT input. This may be caused by higher 
long-range atmospheric transport (LRAT) tendency of o,p’-DDT under tropical climate conditions. The 
vapour pressure of o,p’-DDT is 7.5 times higher than p,p’-DDT leading to greater volatilization of o,p’-
DDT to the atmosphere (Spencer and Cliath, 1972), and p,p’-DDT metabolizes much faster in a 
subtropical environment (Telekar et al., 1977. After DDT application, much of the DDT may be converted 
to p,p’-DDE. Elevated concentrations of p,p’-DDE  have been interpreted as a result of its conversion to 
p,p’-DDE by UV radiation during atmospheric transport (Atlas and Giam, 1988). The o,p’-DDT/p,p’-DDT 
ratio was reported to be 0.2~0.26 in technical DDT and ~7.5 in dicofol products. In our study the ratio of 
o,p’-DDT/p,p’-DDT  is 0.82, indicates no dicofol usage.  
Since 1996, DDT was banned as an agricultural pesticide (Battu et al., 2004); however, nearly 85% of the 
DDT produced in India is used for public health practices for residual spray (Sharma et al., 2003). The 
possible sources of DDTs are the combined effect of past and ongoing use in vector control or from sprays 
on open dumping sites. 
3.2 Polychlorinated biphenyls (PCBs) 
The concentration of PCB congeners in sediments from Yamuna River bank in Delhi are presented in 
Table 3. The average concentration of ∑PCBs was 7.69±0.90 ng g-1 and range between 0.16-30.05 ng g-1 
(dry wt.). Among the studied PCB congeners the PCB-37 was the highest in concentration (4.99±0.57 ng 
g-1), followed by PCB-44 (2.82±0.34 ng g-1), PCB-52 (1.37±0.01 ng g-1), PCB-207 (0.53±0.22 ng g-1), and 
PCB-18 (0.52±0.06 ng g-1), other congener concentration were comparatively low and ranged between 
<0.10-0.33 ng g-1 dry. Tri and tetra chlorinated biphenyl congener (PCB-37 and -44) alone contributed 
more than 80% of the total PCBs in sediments from Yamuna River. Very limited data is available on the 
environmental concentration of PCBs in India although high levels were reported in 1994 (Iwata et al., 
1994) and recently elevated levels have been observed at New Delhi and other major metropolition cities 
in India (Pozo et al., 2009; Chakraborty et al., 2010). India is growing at an exponential rate in terms of 
electronic waste (e-waste), generating approximately 150,000 t/year, much of which is stockpiled or poorly 
managed. Polychlorinated biphenyls (PCBs), which have been widely used in industrial production, may 
also be present  in the electronic waste stream. Maximum amount of e-waste generated in the country ends 
up at New Delhi for recycling purpose though in an informal manner which can be one possible source for 
PCBs. A statistically significant (p<0.05) positive linear correlation has been observed between the amount 
of e-waste generated in 2005 and the PCB concentration in the  atmosphere of Indian cities (Pozo et al., 
2006). Other possible sources are from open biomass burning which is common in agricultural field after 
crop harvesting, and depositions of emissions from wood processing, paint and dying, chemicals and 
transformer manufacturing units. These PCBs sources also include off gassing from closed system such as 
older equipments (e.g. transformers that contain large quantities of PCB fluids), and PVC 
(polyvinylchloride) manufacture.   
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Table 3: Concentrations of PCB congeners (ng g-1 dry wt.) in sediments from Yamuna River 
Congener No. Range Mean SE* % Min Max 
PCB – 18 0.15 1.27 0.52 0.06 0.57 
PCB  - 37 0.10 18.34 4.99 0.57 57.28 
PCB  - 44 0.15 14.17 2.82 0.34 35.41 
PCB  - 49 <0.10 0.71 <0.10 <0.10 <0.10 
PCB  - 52 0.16 2.57 1.37 <0.10 0.04 
PCB  - 70 0.16 0.55 0.33 <0.10 0.36 
PCB  - 74 0.12 0.14 0.13 <0.10 0.06 
PCB  - 119 <0.10 0.26 0.10 <0.10 0.93 
PCB - 128 0.14 0.18 0.16 <0.10 0.04 
PCB  - 138 <0.10 <0.10 <0.10 <0.10 0.04 
PCB  - 151 <0.10 <0.10 <0.10 <0.10 <0.10 
PCB  - 170 <0.10 <0.10 <0.10 <0.10 <0.10 
PCB  - 177 <0.10 0.23 0.10 <0.10 0.40 
PCB  - 187 <0.10 <0.10 <0.10 <0.10 <0.10 
PCB  - 207 <0.10 3.22 0.53 0.22 4.05 
∑PCBs 0.16 30.05 7.69 0.90 100 
Note: <0.10=below detection limit,*standard error=SD/√n 
3.3 Eco-toxicological risk assessment 
Effects on the organisms are usually considered to be an early warning indicator of potential human health 
impacts (Qian et al., 2006). In India, no environmental standards have been established for HCH, DDT and 
PCBs in marine or riverine sediments. Therefore, ecotoxicological effects of these pollutants in this study 
area were roughly evaluated by applying published sediment quality guidelines such as threshold and 
probable effect level and consensus based sediment quality guidelines (CBSQGs) from National 
Oceanography and Atmospheric Administration (NOAA) and Wisconsin (MacDonald et al., 2000; 
WDNS, 2003). Table 4 shows the comparison of the obtained data in this study for the residue of these 
pollutants in sediments from Yamuna River with available guidelines from environmental agencies. 
Concentrations of DDTs and PCBs were lower than the guideline values and assumed no adverse effects to 
the biota. On the other hand, comparing to the recommended TEC (threshold effect concentration), PEC 
(probable effect concentration) and Wisconsin’s CBSQGs for HCH in sediments, the concentrations of α-
HCH and β-HCH were higher than the threshold effect concentration (TEC), but lower than medium effect 
concentration (MEC) and probable effect concentration (PEC) of  CBSQG. Concentration of lindane (γ-
HCH) is exceptional which exceeds the guideline concentrations. As mentioned earlier, lindane 
formulation is registered for use in public health practices to control vector borne diseases which are 
prevalent in post monsoon season (August-October). So, ecotoxicological risk may not be ruled out since 
the level of γ-HCH exceeded the guideline values and might cause ecological concern to river ecosystem.  
4.  Conclusions 
As a party to the Stockholm Convention, India is legally obligated to abide by the objectives of the treaty, 
and is encouraged to support research on POPs. Distribution of persistent organic pollutant (HCH, DDT 
and PCBs) and their potential ecotoxicological risk were studied in bank sediments from Yamuna River in 
Delhi. This study indicates the contamination from technical HCH and lindane (γ-HCH) usage. DDT and 
PCBs were in low concentrations. Based on the sediment quality guidelines, levels of studied POPs in 
sediments were lower than guideline values. However, ecotoxicological risk of lindane (γ-HCH) may exist 
since the level of this compound exceeded the guidelines. Therefore, negative implications to the benthic 
biota may be expected due to elevated lindane (γ-HCH). 
Table 4: Available fresh water sediments quality guidelines for OCPs: comparison with present study (ng 
g-1 dw). 
Guidelines DDD DDE DDT ∑DDT α-HCH β-HCH γ -HCH PCBs 
Threshold Effect Concentration (TEC)* 
TEL 3.54 1.42 - 7.0 - - 0.94 34.1 
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LEL 8.0 5.0 8.0 7.0 - - 3.0 70 
MET 10.0 7.0 9.0 - - - 3.0 200 
ERL 2.0 2.0 1.0 3.0 - - - 50 
Probable Effect Concentration (PEC)* 
PEL 8.51 6.75 - 4450 - - 1.38 277 
SEL 60 190 710 120 - - 10 5300 
TET 60 50 50 - - - 9 1000 
ERM 20 15 7 350 - - - 400 
Wisconsin’s CBSQGs** 
TEC 4.9 3.2 4.2 5.3 6 5 3.0 60 
MEC 16.5 17.0 33.6 289.0 53 108 4.0 368 
PEC 28.0 31.0 63.0 572.0 100 210 5.0 676 
present study - 0.51 0.40 1.32 112.38 16.12 63.84 7.69 
TEL=Threshold effect level, LEL=Lowest effect level, MET=Minimum effect threshold, ERL=Effect 
level low, PEL=Probable effects level, SEL=Severe effects level, TET=Toxic effect threshold, 
ERM=Effect range median, CBSQGs=consensus based sediment quality guidelines.  
*MacDonald et al., 2000, 
**WDNR, 2003 
5.  Acknowledgements  
The authors express their sincere gratitude to the Member Secretary and Chairman of Central Pollution 
Control Board, Ministry of Environment & Forest Government of India to conduct the study.  
References 
Aislabie, J. M., Richards, N. K., Boul, H. L. (1997). Microbial degradation of of DDT and its residues – a 
review.  New Zealand Journal of Agricultural Research, 40: 269-282. 
Alle, A., Dembelle, A., Yao B. and Ado, G. (2009). Distribution of organochlorine pesticides in human 
breast milk and adipose tissue from two locations in Cote d’Ivoire. Asian J. Appl. Sci., 2 (5): 456-463. 
Atlas, E. and. Giam, C. S. (1988). Ambient concentration and precipitation scavenging of atmospheric 
organic pollutants. Water, Air, and Soil, Pollution, 38: 19-36. 
Battu, R. S., Singh, B., Kang, B. K. (2004). Contamination of liquid milk and butter with pesticide residues 
in the Ludhiana district of Punjab state, India. Ecotoxicology & Environ Safety, 9: 324-331. 
Baxter, R. M., (1990). Reductive dechlorination of certain chlorinated organic compounds by reduced 
hematin compared with their behavior in the environment. Chemosphere, 121: 451-458. 
Becker, B., Halshall, C. J., Tych, W., Kallenborn, R., Schiabch, M. and Mano, S. (2009). Changing 
sources and environmental factors reduce the rates of decline of organochlorine pesticides in the Arctic 
atmosphere. Atmospheric Chemistry and Physics Discuss., 9: 515-540. 
Benezet,  H. J. and Matsumura, F. (1973). Isomerization of [gamma]-BHC to [alpha]-BHC in the 
environment. Nature, 243: 480-501. 
CAPE (Community Action for Pesticide Elimination), (2005). Fact sheet lindane’s dirty secrets: Indian 
facilities dump toxic waste. Available online at: http://www.panna.org. 
CCME (Canadian Council of Ministers of the Environment), (2002). Canadian sediment quality guidelines 
for the protection of aquatic life: summary tables. Updated, In: Canadian environmental quality guidelines, 
(1999). Winnipeg. 
Chang, S. and. Doong, R. (2006). Concentration and fate of persistent organochlorine pesticides in 
estuarine sediments using headspace solid-phase microextration. Chemosphere, 62: 1869-1878. 
Chakraborty, P., Zhang, G., Li, J., Xu, Y., Liu, X., Tanabe, S. and Jones, K. C. (2010).Selected 
Organochlorine Pesticides in the Atmosphere of Major Indian Cities: Levels, Regional versus Local 
Variations, and Sources.  Environ. Sci. Technol., 44: 8038–8043 
Journal of Natural Sciences Research  www.iiste.org 
ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 
Vol.2, No.1, 2012 
 
46 
 
Chakraborty, P. Zhang, G., Paul K., Lam, S. and Jones, K. C. (2010).  Polychlorinated biphenyles in the 
atmosphere of seven major Indian cities. Organohalogen Comp., 72: 1326-1329 
Covaci, A., Gheorghe, A., Voorspoels, S., Maervoet, J., Steen, R. E., Blust, R. and Schepens, P. (2005). 
Polybrominated diphenyl ethers, polychlorinated biphenyls and organochlorine pesticides in sediment 
cores from the Western Scheldt River (Belgium): analytical aspects and depth profiles. Environmental 
International, 31: 367-375. 
Devi, N. L., Qi, S., Chakraborty, P., Zhang, G. and Yadav, I. C. (2011). Passive air sampling of 
organochlorine pesticides in a northeastern state of India, Manipur. J. Environ. Sci., 23 (5): 808-815. 
Devanathan, G., Subramanian, A., Someya, M., Sundaryanto, A., Isobe, T., Takahashi, S., Chakraborty, P. 
and Tanabe, S. (2008). Persistent organochlorines in human breast milk from major metropolitan cities in 
India. Environmental Pollution, 157 (1): 148-154. 
Doong, R. A., Peng, C. K., Sun, Y. C. and Liao, P. L. (2002). Composition and distribution of 
organochlorine pesticide residues in surface sediments from the Wu-Shi River estuary, Taiwan. Marine 
Pollution Bulletin, 45: 246-253. 
Ebadi,  A. G. and Shokrzadeh, M. (2006). Measurement of organochlorine pesticides level in milk 
agricultural women workers (Mazandaran-Iran). J. Appl. Sci., 6: 678-681. 
Gomez, S., Gorri,  D. and Irabien, A. (2011). Organochlorine pesticide residues in sediments from coastal 
environment of Cantabria (northern Spain) and evaluation of the Atlantic Ocean. Environ. Monit. Assess., 
176: 385-401. 
Guo, Y., Yuh, Y. and Zheng, E. Y. (2009). Occurrence, source diagnosis, and biological effect assessment 
of DDT and its metabolites in various environmental compartments of the Pearl River Delta, South China: 
A review. Environmental Pollution, 157: 1753-1763. 
Gupta, P. K., (2004). Pesticide exposure - Indian scene. Toxicology, 198 (1-3): 83-90. 
Guzzella, L., Roscioli, C., Vigano, L., Saha, M., Sarkar, S. K., Bhattacharyya, A. (2005). Evaluation of the 
concentration of HCH, DDT, HCB, PCB and PAH in the sediments along the lower stretch of Hugli 
estuary, West Bengal, northeast India. Environmental International, 31 (4): 523-534.  
Hakanson, L. (1992). Sediment variability. In: Burton Jr GA, editor. Sediment toxicity assessment. Boca 
Raton, FL: Lewis Publishers; p. 19–36. 
Halsall, C. J., Bailey, R., Stern, G. A., Barrie, L. A., Fellin, P., Miur, D. C., Rosenberg, G. B., Rivinsky, F. 
Y.,  Kononov,  E.,. Pastukhov, Y. B. (1998). Multi-year observations of organohalogen pesticides in the 
Arctic atmosphere. Environmental Pollution, 102: 52-62. 
Hong, S. H., Yim,U. H., Shim,W. J., Oh, J. R., Viet, P. H., Park, P. S. (2008). Persistent organochlorine 
residues in estuarine and marine sediments from Ha Long Bay, Hai Phong Bay, and Ba Lat estuary, 
Vietnam. Chemosphere, 72: 1193-1202. 
Hu, W., Wang, T., Khim, J. S., Luo, W., Jiao, W., Lu, Y., Laile, J. E., Chen, C., Zhang, X., Giesy, J. P., 
(2010). HCH and DDT in sediments from marine and adjacent Riverine areas of north Bohai Sea, China. 
Arch. Environ. Conta. Toxicol., doi:10/1007/a00244-009-9455-z. 
Hu, L., Zhang, G., Zheng, B., Qin, Y., Lin, T., Guo, Z. (2009). Occurrence and distribution of 
organochlorine pesticides (OCPs) in surface sediments of the Bohai Sea, China. Chemosphere, 77: 663-
672. 
Iwata, H., Tanabe, S., Sakai, N., Tatsukawa, R. (1993). Distribution of persistent organochlorines in the 
oceanic air and surface seawater and the role of ocean on their global transport and fate. Environ. Sci. 
Technol., 27: 1080–1098.  
Iwata, H., Tanabe, S., Sakai, N., Nishimura, A., Tatsukawa, R. (1994). Geographical distribution of 
persistent organochlorines in air, water and sediments from Asia and Oceania, and their implications for 
global redistribution from lower latitudes. Environmental Pollution, 85 (1): 15–33. 
Journal of Natural Sciences Research  www.iiste.org 
ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 
Vol.2, No.1, 2012 
 
47 
 
Kalantari, M. R. and Ebadi, A. G. (2006). Study and measurement of some persistent organochlorine 
residues in sediments from the two great rivers (Tajan and Neka) of Mazandfaran Province (Iran). J. Appl. 
Sci., 6(5): 1028-1032. 
Kumar, B., Lal, R. B., Kumar, S., Sharma, C. S., Mukherjee, D. P. (2011). Monitoring Of Pesticide 
Residues (DDT, HCH & Endosulphan) in Cauliflower from West Bengal (India). Der Pharma Chemica, 3 
(3): 89-96. 
Kumar, B., Gaur, R., Goyal, G., Mishra, M., Prakash, Dev, Singh, S. K., Lal, R. B., Kumar S. and Sharma, 
C. S. (2011). Distribution of Pesticides in Sediments from Municipal Drains in Delhi, India. Asian J. 
Scientific Res., 4 (3): 271-280 
Kumar, B., Kumar, S., Goel, G., Gaur, R., Mishra, M., Singh, S. K., Dev Prakash, Chakraborty P., and 
Sharma, C. S., (2011)b. Distribution of polychlorinated biphenyls in agricultural soils from NCR, Delhi, 
India. Annals Biol. Res., 2011, 2 (3): 247-254   
Kumar, B., Kumar, S., Mishra, M., Dev Prakash, Singh, S. K., Sharma, C. S. and Mukherjee, D. P., 
(2011)C. Persistent Organochlorine Pesticides in Sediments from Haldi and Rupnarayan River in West 
Bengal, India. Proc. INSA. (In Press). 
Kumar B., Gaur R., Goel G., Mishra M., Singh S. K., Prakash Dev, Kumar S., and Sharma C. S. (2011)d. 
Residues of Pesticides and Herbicides in Soils from Agriculture Areas of Delhi Region, India. J. Environ. 
Earth Science, 1 (2): 1-8 
Kumar, B. and Mukherjee, D. P.  (2011). Organochlorine residues in vegetables. Int. J. Veg. Sci. (In press).  
Ma, X,, Ran, Y., Gong, J., Zou, M. (2008). Concentrations and inventories of polycyclic aromatic 
hydrocarbons and organochlorine pesticides in watershed soils in the Pearl River delta, China. Environ. 
Monit. Assess., 145: 453-464. 
Malaiyndi, M., and Shah, S, (1980). Evidence of photoisomerization of hexachlorocyclohexane isomers in 
the ecosphere. J. Environ. Sci. Health, 19: 887-910. 
Minh, N. H., Minh, T. B., Kajiwara, N., Kunisue, T., Subramanian, A., Iwata, H.,  Tana, T. S., 
Baburajendran, R., Karuppiah, S., Viet, P. H., Tuyen, B. C., Tanabe, S. (2006). Contamination by 
persistent organic pollutants in dumping sites of Asian developing countries: implication of emerging 
pollution sources. Arch. Environ. Conta. Toxicol., 50: 474-481. 
Mishra, M., Kumar B., Akolkar P., Sharma C. S. and Makhijani S.D. (2008). Study on organochlorine 
pesticides in body tissue of invertebrates collected using artificial substratum from water sources in and 
around Delhi, India. Organohalogen Compounds, 70:1784-1786 
Mitra, A., Chatterjee, C. and Mandal, F. B. (2011). Synthetic chemical pesticides and their effects on birds. 
Res. J. Environ. Toxicol., 5 (2): 81-96. 
Mukherjee, D. P., Kumar, B., Kumar, S., Mishra, M., Gaur, R., Prakash, Dev, Singh, S. K. and Sharma, C. 
S. (2011). Occurrence and distribution of pesticide residues in selected seasonal vegetables from West 
Bengal. Arch. of Appl. Sci. Res., 3 (5):85-93   
Musa, U., Hati, S. S., Adamu, Y. I. and Mustafa, A. (2010). Pesticides residues in smoked fish samples 
from north-eastern Nigeria. J. Appl. Sci., 10 (11):975-980. 
National Oceanic and Atmospheric Administration (NOAA), (1999). NOAA screening quick reference 
tables (SQuiRTs), HAZMAT REPORT 99-1, and Updated Feb 2004. Coastal Protection and Restoration 
Division, Seattle, Washington. 
Pozo, K., Harner, T., Wania, F., Muir, D. C. G., Jones, K. C., Barrie, L. A. (2006). Toward a Global 
Network for Persistent Organic Pollutants in Air: Results from the GAPS Study. Environ. Sci. Technol., 
2006. 40 (16): 4867–4873.  
Journal of Natural Sciences Research  www.iiste.org 
ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 
Vol.2, No.1, 2012 
 
48 
 
Pozo, K., Harner, T., Lee, S. C., Wania, F., Muir, D. C. G. and Jones, K. C. (2009). Seasonally 
Resolved Concentrations of Persistent Organic Pollutants in the Global Atmosphere from the 
First Year of the GAPS Study. Environ. Sci. Technol., 43 (3):796–803 
Pozo, K., Harner, T., Lee, S. C., Sinha, R. K., Sengupta, B., Loewen M.,  Geethalakshmi, V., Kannan, K. 
Volpi Valerio, (2011). Assessing seasonal and spatial trends of persistent organic pollutants (POPs) in 
Indian agricultural regions using PUF disk passive air samplers. Environmental Pollution, 159 (2):646-
653  
Qian, Y., Zheng, M. H., Zhang, B., Gao, L. R., Liu, W. B. (2006). Determination and assessment of HCHs 
and DDTs residues in sediments from lake Dongting, China. Environ. Monit. Assess., 116: 157-167. 
Qui, X. H., Zhu, T., Li, J., Pan, H. S., Li, Q. L., Miao, G. F., Gong, J. C. (2004). Organochlorine pesticides 
in air around the Taihu Lake, China. Environ. Sci. & Technol., 38: 1368-1374. 
Sharma, V. P. (2003). Malaria and poverty in India. Current Science, 84: 513-515. 
Someya, M., Ohtake, M., Kunisue, T., Subramanian, A., Takahashi, S., Chakraborty, P., Ramachandran, 
R., Tanabe, S.  (2009). Persistent organic pollutants in breast milk of mothers residing around an open 
dumpsite in Kolkata, India: specific dioxin-like PCB levels and fish as a potential source. Environmental 
International, 36 (1): 27-35. 
Senthil Kumar, K., Kannan, K., Subramanian A. N. and Tanabe, S. (2001). Accumulation of persistent 
organochlorine pesticides and polychlorinated biphenyls in sediments, aquatic organisms, birds, bird eggs, 
and bat collected from South India. Environ. Sci. Poll Res. 8:35-47. 
El-Sherif, M. S., M. T. Ahmed, M. A. El-Danasaurv and Nagwa H. K. El-Nwishy, (2009). Effects of 
pollutants on some aquatic organisms in Temsah Lake in Egypt. J. Fisheries Aquatic Sci., 4: 150-160. 
Spencer, W., Cliath, M. M. (1972). Volatility of DDT and related compounds. J. Agric. Food Chem., 20 
(3): 645-649. 
Talekar, N. S., Sun, L. T., Lee, E. M., Chen, J. S. (1977). Persistence of some insecticides in subtropical 
soils. J. Agric. Food Chem., 25: 348-352. 
Van Den Berg, M., L. S. Birnbaum, M. Denison, M. De Vito, W. Farland, M. Feeley, H. Fiedler, H. 
Hakansson, A. Hanberg, L. Haws, M. Rose, S. Safe, D. Schrenk, C. Tohyama, A. Tritscher, J. Tuomisto, 
M. Tysklind, N. Walker, and R. E. Peterson. (2006). The 2005 world health organization re-evaluation of 
human and mammalian toxic equivalency factors for dioxins and dioxin-like compounds. Toxicological 
Science, 93 (2): 223-241. 
Wang, X. P., Gong, P., Yao, T. D., Jones, K. C. (2010). Passive air sampling of organochlorine pesticides, 
polychlorinated biphenyls, and polybrominated diphenyl ethers across the Tibetan plateau. Environ. Sci. 
Technol., 44: 2988-2993. 
Wang, Z., Yan, W., Chi, J., Zhang, G. (2008). Spatial and vertical distribution of organochlorine pesticides 
in sediments from Daya Bay, South China. Mar. Poll. Bull., 56: 1578-1585. 
Willet, K. L., Ulrich, E. M., Hites, H. A. (1998). Differential toxicity and environmental fates of 
Hexachlorocyclohexane isomers. Environ. Sci. Technol., 32 (15): 2197-207. 
Wisconsin Department of Natural Resources (WDNR), (2003).Consensus-based sediment quality 
guidelines (CG-SQGs) recommendations for use and application interim guidance developed by the 
contaminated sediment Standing Team WT-732 2003. 
http://dnr.wi.gov/org/aw/rr/technical/cbsqg_interim_final.pdf. 
Yang, Y., Li, D. and Mu, D. (2008). Levels, seasonal variations and sources of OCPs in ambient air of 
Guangzhou, China. Atm. Environ., 42: 677-687. 
Yang, R., Jiang, G., Zhou, Q., Yuan C. and Shi, J. (2005). Occurrence and distribution of organochlorine 
pesticides (HCH and DDT) in sediments collected from East China. Environ. Int., 31 (6): 799-804. 
Zhou, R., Zhu, L., Yang, K. and Chen, Y. (2006). Distribution of organochlorine pesticides in surface 
water and sediments from Qiantang River, East China. J. Hazardous Materials, Doi: 
10.1016/jmazmat.2006.02.005. 
Journal of Natural Sciences Research  www.iiste.org 
ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 
Vol.2, No.1, 2012 
 
49 
 
Zhang, G., Chakraborty, P., Li, J., Sampathkumar, P., Balasubramanian, T., Kathiresan, K., Takahashi, S., 
Subramanian, A., Tanabe, S., Jones, K. C. (2008). Passive atmospheric sampling of organochlorine 
pesticides, polychlorinated biphenyls, and polybrominated diphenyl ethers in urban, rural, and wetland 
sites along the coastal length on India. Environ. Sci. Technol., 42 (22): 8218-8223.   
 
*Corresponding author: 
Bhupander Kumar 
MSc (Biochemistry) 
Scientist 
National Reference Trace Organics Laboratory 
Central Pollution Control Board 
East Arjun Nagar 
Delhi, India-110032 
Tel:+91-01143102378 
Email:bhupander_kumar@yahoo.com 
 
 
 
 
 
This academic article was published by The International Institute for Science, 
Technology and Education (IISTE).  The IISTE is a pioneer in the Open Access 
Publishing service based in the U.S. and Europe.  The aim of the institute is 
Accelerating Global Knowledge Sharing. 
 
More information about the publisher can be found in the IISTE’s homepage:  
http://www.iiste.org 
 
The IISTE is currently hosting more than 30 peer-reviewed academic journals and 
collaborating with academic institutions around the world.   Prospective authors of 
IISTE journals can find the submission instruction on the following page: 
http://www.iiste.org/Journals/ 
The IISTE editorial team promises to the review and publish all the qualified 
submissions in a fast manner. All the journals articles are available online to the 
readers all over the world without financial, legal, or technical barriers other than 
those inseparable from gaining access to the internet itself. Printed version of the 
journals is also available upon request of readers and authors.  
IISTE Knowledge Sharing Partners 
EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 
Archives Harvester, Bielefeld Academic Search Engine, Elektronische 
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial 
Library , NewJour, Google Scholar 
 
 
